The effects of Sr addition on mechanical properties and microstructure of aluminium ADC12/Nano-SiC composites produced by stir casting have been investigated. The addition of Sr into ADC12 matrix was varied from 0.01 to 0.03 wt.% and the other elements added were Al5TiB as a grain refiner and Mg as a wetting agent. It was found that the phases present in composites analysed by Scanning Electron Microscope link to Energy Dispersive Spectra was Mg2Si primary, Mg2Si binary, β-Al5FeSi and Al2Cu respectively. The results show that Sr modifies acicular/plate like of Al-Si eutectic into fibrous. Sr also reduced slightly the average size of blocky Mg2Si primary and changed Chinese script of Mg2Si binary into polyhedral or finer fibrous shape. The modification effect plays role in improving mechanical properties. The highest optimum UTS and elongation were obtained at composites with 0.025 wt.% Sr with the value of 292 MPa and 1.88% respectively, while the SDAS was 11.85 µm. The hardness and wear rate of all composites were relatively no changed.
Introduction
Al ADC12 or Al-Si-Cu alloy are widely used in automotive parts due to their high mechanical properties, good cast ability, high productivity, corrosion resistance, ductile, low density and high strength [1] . Reinforcing ADC12 with ceramic particle nano-SiC could considerably improve their mechanical properties. Ali Mazahery et. al. reported that the addition of nano-SiC particle into A356 cast alloy would increase the hardness, yield strength and ultimate tensile strength (UTS) in composite result [2] . However, formation of dendritic acicular silicon eutectic and α-Al in casting Al ADC12 gives a bad influence on the mechanical properties of composite. These microstructure is a place for occurrence of crack initiation. To overcome this drawback, the addition of strontium as modifier agent can inhibit formation of silicon crystalline so eutectic silicon structure with acicular shape would change into round shape and enhance the mechanical properties of composite [3] . Whereas, the addition of Al-5Ti-1B as grain refiner agent can reduce size of dendrite and make Al grains change into fine and equaixed [4] . The smaller grain size would increase strength and resistance of the material to deformation. The accepted manufacturing method for this composite fabrication is stir casting method due to low cost, minimal damage to reinforce and the components of stir casting are not limited by shape and size. In addition, other advantages are simple, flexible and applicable for large scale production [5, 6] . In this paper, influence of Sr on the microstructure morphologies in composite ADC12/nano-SiC with addition Al-5Ti-1B fabricated by stir casting method has been studied.
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Experimental Procedure
The ADC12 alloys were melted in a graphite crucible by a tilted melting furnace in 800 ± 10 °C. The chemical compositions of the alloys prepared is in Table 1 , analysed by Optical Emission Spectrometer (OES). Whereas, particle nano-SiC was preheated in muffle furnace for one hour in 900 ± 10°C. Molten aluminium was degassing by argon and then drossing was removed. Al-15Sr and Al-5Ti-1B master alloy was added in to the melt. Mixing process was done by an impeller with a speed about 600 rpm. Reinforce nano-SiC and magnesium were added in to the melt. Magnesium was using to improve wettability between aluminium matrix and reinforce nano-SiC. Mixing process began again same as before. Before molten composite poured into the mould, the mould was preheated in muffle furnace for 1 minute to reduce thermal shock. Mass fraction of Al-15Sr master alloy were added in composites fabrication is shown in Table 2 . All Metallography samples were sectioned, grinded, polished and etched with Fluoride Acid (HF) for 5 seconds. After etching, sample surface was observed using optical microscope to analyse the microstructure of composites. To analyse further the phase present in composite so, Scanning Electron Microscope (SEM), energy dispersive X-ray Spectroscopy (EDS) were used. The chemical composition of composites was also analysed by OES. All composite samples prepared and tested to measure the mechanical properties such as tensile strength, hardness, wear rate and impact strength.
Results and Discussions

Analysis of Chemical Composition
The observation of the chemical content of aluminium ADC12 was done by OES testing and the results shown in Table 1 . The chemical composition of composites was also analysed by OES (Table 3) , it can be seen that there is an increase of weight percentage of Sr, Ti and Mg elements of aluminium ADC12. It derives this phase diagram from ternary system Al-Si-Cu into Al-Si-Mg. Table 3 . Chemical composition of composites From ternary system Al-Si-Mg, there would change phase L  (Al) + (Si) + Mg2Si at temperature 555°C. The solidification line is in Mg2Si intersection area and is passed to quasi-binary Mg2Si area. Al would solidified first and further eutectic binary was formed [7] . The Fe content in aluminium ADC12 composite reaches 0.533 wt.% which is known to form Fe intermetallic compounds. From ternary system Al-Fe-Si, the phase reaction which occurred is L + FeSiAl3 + FeSiAl4  FeSiAl5. From ternary system Al-Si-Cu as matrix composite so phase reaction which occurred is L  Al + Si + Al2Cu
Microstructural Analysis of ADC12/nano-SiC
The microstructure observation using optical microscope (OM) is to determine the effect of strontium on microstructure changed of aluminium ADC12 as matrix shown in Fig. 1(a) display α-Al phase as main alloy phase (orange arrow), Grey acicular form of Silicon eutectic (blue arrow), needle like form of β-Al 5 FeSi phase (green arrow) and Al 2 Cu (red arrow). Microstructure of ADC12/Nano-SiC composite shown in Fig.  1 (b-f) . It can be seen Mg2Si primary phase with black blocky shape (brown arrow), Mg2Si binary with chinesse script shape (yellow arrow), needle like form of β-Al5FeSi phase (green arrow), Al2Cu with grey colour (red arrow) and silicon eutectic (blue arrow). 26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t There was microstructure change in acicular/plate-like silicon eutectic into fibrous shape due to strontium reduced nucleation and growth temperature of Al-Si eutectic phase. Strontium as modifier obstructed twin plane re-entrant edge (TPRE) growth of silicon known as impurity induced twining (IIT) [8] . While, Mg2Si binary eutectic phase modified during solidification due to the increase of segregation of strontium on solid-liquid interface. Several alloys would absorb in to boundary of Mg2Si crystal which cause surface energy changes of Mg2Si crystal [9] . This is causes Mg2Si particle growth reduces and isotropic growth occurs so Mg2Si binary phase will change into fine polyhedral or fibre. From Figure 2 it can be seen that strontium effectively reduces the length of SDAS (Secondary Dendrite Arm Spacing) due to strontium contributes in dendritic columnar growth in Al-Si alloys. Intermetallic phase such as al5FeSi intermetallic phase and Mg2Si primary and binary phase found in SEM observation in Fig.3 and Al-Si phase found in EDS (Fig.4) observation. Others phases prediction from EDS is shown in Table 4 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 
Porosity
Porosity considered to be one to the failure of casting products. So, it is important to calculate porosity in each sample. The results of samples calculation shown in Figure 5 . The addition of strontium increases the percentage of porosity. This is due to strontium oxide formed during melting process. The formation of strontium oxide is due high oxygen affinity to strontium and is very difficult to remove by degassing process using argon gas [10] . Figure 5 . Effect of strontium on porosity content of ADC12/NanoSiC composite
Mechanical Properties of ADC12/nano-SiC
The results of the mechanical testing are shown in Figure  6 , UTS (Ultimate tensile Strength) of ADC12/Nano-SiC composite show that the addition of 0.025 wt.% strontium increase the UTS up to 292 MPa. This is caused by the addition of nano SiC particle, resulting in mechanisms such as load transfer effect, Hall-petch strengthening and orowan strengthening [11] . It is also supported by the addition magnesium 5 wt.% can improve the wettability between nanoSiC particle with aluminium matrix thereby the mechanism composite reinforcement increased and the addition Al-5Ti-1B can change dendritic α-Al primary into equiaxed which can produce uniform mechanical properties [12] . The addition of strontium has modified acicular/plate like silicon eutectic into fibrous which causes reduce crack initiation. The percentage of elongation decreased by strengthening of nano-SiC mechanism. This is due to strengthening proceed well and produce low plastic deformation. Hardness and wear testing show that there were no difference results in composites. It is show that the hardness and wear resulted is only influenced by the addition of nano-SiC particle while the addition of strontium has no significant effect. SiC as a hard and brittle phase of ceramic in the matrix could resist the dislocation movement so the dislocation density at the interface layer would increase [13] . Impact strength influenced by the fineness of the constituent microstructure such as dendritic α-Al, silicon eutectic phase and intermetallic interdendritic phase so the number of crack initiations within the matrix decreased. The changing of dendritic α-Al morphology into fibrous can increase the impact value of the composite material due to when rapid load given, dislocation inhibited by grain boundaries and energy absorption increased. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 with addition of strontium and TiB are α-Al which is the main phase, silicon eutectic with fibrous form, Mg2Si phase with blocky and chinese script shape, intermetalik β-Al5FeSi and Al2Cu phase. 3. The addition of nano-SiC particle can improve mechanical properties of composite by load transfer effect, hall-petch strengthening and orowan strenthening mechanism. It is also supported by the addition of TiB as grain refiner 4. The addition of Nano-SiC particle act as modifier can improve mechanical prooperties by modifying silicon eutectic micrstructure and Mg2Si phase serta SDAS (Secondary Dendrite Arm Spacing) decreased 5. The optimal composition of the composite with the addition of 0.025wt.% strontium generated the highest tensile strength , hardness, impact strength and wear resistance. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t
